Avicennia marina is one species used for building coastal ecosystem stabilization in Surabaya shores because of its tolerance to high salinity level and resistance to wave energy. Their existence is threatened by various factors i.e. land conversion, pollution and interisland bridge existence. Growth of A. marina is currently limited by seed dormancy. In an effort to increase propagation efficiency, seed viability and vigor were compared based on collection dates and pericarp removal methods. The results showed no relationship between salinity levels of soaking water or seed buoyancy and seed viability or seed vigor. Collection dates may influence seed viability and vigor. Seeds collected in October and November germinated more quickly than those collected in December, although there were no differences in total germination. Hand-peeled seeds germinated more slowly than soaked seeds for all collections, but with no differences in total germination. Seeds collected in October and November grew more vigorously than those collected in December.
INTRODUCTION
Avicennia marina (the gray mangrove) produces recalcitrant seeds, dispersed by tidal currents. The dispersal unit or propagule of A. marina is the fruit, which usually consists of a single embryo surrounded by a thin pericarp (Tomlinson 1986 ). The fruit is considered to be cryptoviviparous, a condition where the hypocotyl does not enlarge sufficiently to rupture the pericarp while attach to the parent (Hutchings & Saenger 1987) . Seeds of A. marina are cryptoviviparous and do not have a dormant stage resulting in germination possibility while still attach to the parent plant (Tomlinson 1986; Farnsworth 2000) . A. marina seeds possess a hydrophilic pericarp, which seed is abscised, shed upon contact with water (Tomlinson 1986 ). The seeds are dispersed tidally and may remain viable while afloat in agitated seawater for up to one year, although viability decreases over time (USDA 2009) .
Typical A. marina seed germination initiates when a propagule comes to rest on a suitable substrate such as tidal mud flat, beach or within a Spartina spp. marsh (Lewis 2000) . This epigeal germination is first observed with the extension of a geotropic root radical into the soil where the seed comes to rest. The hypocotyl extends to become a vertical stalk supporting the cotyledon (Tomlinson 1986 ). The propagule then extends its epicotyl, from which the first true leaves emerge, allowing the plant to independently photosynthesize the seed. The cotyledons are then desiccated and abscised (Tomlinson 1986 ).
Seed germination is controlled by a number of mechanisms and is necessary for growth and development of the embryo, resulting in the eventual production of a new plant. Under unfavorable conditions, seeds may become dormant (secondary dormancy) to maintain their germination ability. However, when the conditions are favorable, seeds can germinate (Miransari & Smith 2014) . Among factors controlling seed germination and dormancy is seed pericarp removal (Sari et al. 2006) . Seed pericarp is responsible for seedcoating dormancy, affecting seed germination and seedling establishment by preventing water absorption, producing chemical inhibitors, preventing leaking of inhibitors from the seed and inhibiting the radical protrusion (Simpson 1990; Baskin & Baskin 1998; Ogawa & Iwabuchi 2001; Takos 2001; Sari et al. 2006) . The effect of the pericarp on germination depends on seed size and water availability (Chac¢on & Bustamante 2001) .
Reproductive success in plants is highly dependent on the survival of their seeds during dispersal. The conditions in which seeds reside after leaving the parent tree towards establishment, and the adaptations of seeds for surviving these conditions are crucial. Seedling establishment is considered difficult for mangroves because of the unstable and varied substrates as well as tidal influence (Tomlinson 1986) . Hydrological regimes are particularly important in controlling the survival and subsequent growth of the mangrove seedlings (Murray et al. 2003) .
Mangrove habitats in Surabaya shores are currently vulnerable to subsidence and sea level rise. As the integrity of coastal salt marsh in Surabaya degrades, A. marina habitat is threatened by many activities such as land conversion, pollution and interisland bridge existence. As a result, mangrove stands may be permanently inundated or drained; neither of which are conducive to survival and establishment.
The objectives of this research were to determine the optimal time to collect seeds and the pericarp removal methods to support the highest germination rate and to obtain the most vigorous seedling growth of Avicennia marina.
MATERIALS AND METHODS

Seed Source
Avicennia marina seeds were collected from mature trees near Suramadu Bridge, Surabaya (Fig. 1) 
Seed Preparation
Two treatments were applied to the seeds, one day after being collected. The two treatments were: 1. seeds pre-soaked in seawater having various levels of salinity until the pericarps were self-removed, and 2. hand-peeled dry seeds.
In the first treatment, there were 5 levels of seawater salinity i.e. 0, 5, 10, 15 and 20 ppt. Instant sea salt was used to make these levels of salinity. Ten seeds were immersed in each of salinity level on the first day after seeds collection (Day 1). The intention of seeds immersion was to self-remove the pericarps and to establish seeds s Seed buoyancy was determined after 48 hours . Based on the buoyancy, seeds were categorized as floaters or sinkers.
In the second treatment, pericarps of 5 seeds were hand-peeled on Day 1. The peeled seeds were categorized as peeled.
After the pericarps were removed in the first and second treatments, the seeds were weighed and measured along the longest axis.
Seed Planting
Prior to planting, individual polybags (7.5 x 22 cm) were filled with planting media consisted of sphagnum moss and Vermiculite mix. Polybags were placed in raceway tables in a greenhouse at the Biology Department of Universitas Airlangga. The raceway tables were kept submerged in seawater allowing planting media to be saturated with seawater prior to planting, thus simulating natural germination conditions (Alleman & Hester 2010) . Thermometers were placed in between the submerged raceway tables and at the ends of the tables. Water temperature was recorded within 30 minutes interval for the duration of the study. Air temperature was maintained between 35 and 37 ºC using thermostat-controlled heaters and exhaust fans. The pericarp-peeled seeds were placed on top of the planting media. One seed was placed in each polybag located on raceway tables. Each seed was placed similarly oriented, standing vertically to facilitate equal growth of the radicle into the planting medium.
Seed Germination
To determine the effect of seed collection dates on seed germination, the percentage of seeds germination was compared based on seed collection dates and the seed treatments i.e. handpeeled, floater (0 ppt) and sinker (0 ppt). Five replications were applied to compare the percentage of seeds germination.
The comparison was carried out on Day 48 i.e. on 15 March 2012 to allow the earliest planting of A. marina in Surabaya coastal area.
Germination Rate
Avicennia marina produces cryptoviviparous propagules which means that embryonic axis/hypocotyl of the developing embryo does not penetrate the seed coat. Therefore, seed germination was recorded when the epicotyl's true leaves were visible beyond the cotyledon (Fig. 2) . Propagule viability was recorded daily for the first 28 days for each treatment by observing the vigor and growth. Germination rate is determined by calculating the germination percentage of different time interval after planting and then plotting these data. The cumulative germination over time was compared among treatments. The germination rate of each treatment was calculated using formula as follows (Ranal & De Santana 2006) :
Germination Percentage
Germination percentage is the number of germinated seeds from a seed population. Germination percentage of seeds was compared among treatments after 28 days of study. Percentage of seed germination was calculated for each replication, from which the average was calculated for each treatment. 
Seedling Vigor
Seedling vigor was quantified by measuring seedling height (mm) and stem length (mm) from the soil surface to the terminal bud. Mean height of plants for each seed collection date was measured three times during the growing period. Seedlings from seeds collected in October were measured at 62, 75 and 165 Days Since Collected (DSC). Seedlings from seeds collected in November were measured at 43, 70, 92 and 133 DSC and seedlings from seeds collected in December were measured at 79, 104 and 126 DSC. Seeds that had not germinated were not included in the seedling vigor analysis.
Data Analysis
Analysis of variance (ANOVA) and Duncan's Multiple Range Test (DMRT) at p<0.05 were carried out for data analysis. Data were analyzed using MS Excel and SPSS version 10 to explore possible treatment variations. ANOVA was carried out to determine the treatments effects on seed germination percentage as well as on height and diameter of the seedlings. DMRT was used to compare the mean of germination percentage, height and diameter in each pre-sowing treatment.
RESULTS AND DISCUSSION
Seed germination is a response characterized by three parameters i.e. percentage, rate, and uniformity (Hartmann et al. 2002) . Germination percentage is the number of germinated seeds from a seed population. Germination rate is the "speed or velocity" of germination and can be expressed as the time needed for a defined percentage of seed to germinate. Germination uniformity is a measurement of the time needed for all seeds to germinate. The mean weight and length of seeds among the treatments varied slightly (Table 1) . However, the largest and the smallest seeds were sinkers and there was no evidence of seed size effect among treatments. Germination percentage was not linear over time and became asymptotic after 40 days of seeds collection (Fig. 3) . After 28 days, the hand-peeled seeds treatment had the lowest (21%) germination percentage (Fig. 3 and 4) . Germination rates for the floaters and sinkers soaked in 0 ppt treatments were not different from those soaked in other salinity levels. Therefore, the subsequent germination trials only used seeds soaked in 0 ppt salinity and handpeeled seeds for pericarp removal (Fig. 3) .
Seed size is commonly used as an indicator of seed viability and vigor for many plant species (Murali 1997) , but the relationship is highly varied and therefore, typically abandoned as reliable indicator outside agricultural applications. Seed size and buoyancy have been examined in mangrove species as indicators of seedling performance, but primarily as factors influencing seed dispersal (Rabinowitz 1978a (Rabinowitz , 1978b (Rabinowitz , 1978c . The studies of Rabinowitz (1978a) suggested that the buoyancy and seed size of Avicennia and other mangrove species may determine the zonation of seed deposition, but make no indication of viability and vigor. In this study, although seed size varied slightly, there were no differences in germination rate among seed sizes. Therefore, selection of A. marina seeds were not differentiated by size. Germination rates for the floaters and sinkers soaked in 0 ppt treatments were not different from those soaked in other salinity levels. Therefore, the subsequent germination trials only used seeds soaked in 0 ppt salinity level and hand-peeled seeds for pericarp removal (Fig. 3) .
Germination percentages of seeds soaked in various levels of salinity were not significantly different. Therefore, treatment comparison for all collected seeds only used seeds soaked in 0 ppt salinity level (Fig. 4) .
Mean of seed sizes varied among treatments and collection dates, but there were no obvious trends among pericarp removal treatments, salinity levels or collection dates (Table 2 ). Germination rate was relatively different for seeds collected in October, November or December (Fig. 5) . Seeds collected in October germinated faster (78%) than seeds collected in December (11.3%) (Fig. 6) . However, on 15 March 2012 (48 DSC), the averages of germination percentage were different among treatments (Fig. 7) . Seeds peeling to expose embryos have been carried out by other researchers in different experiments (Arrillaga et al. 1992) . Seeds collected in October and November germinated sooner than those collected in December, however, the total germination was not different in 48 DSC. Seeds collected in October and November grew to similar sizes in 48 DSC and both grew more vigorously than those collected in December. Duration and seawater temperature most likely influenced the seed germination and growth rates of seeds collected in December. Further study is warranted to determine the relationship between duration, seawater temperature and propagule performance. Hand-peeled seeds germinated later compared to seeds soaked in various levels of salinity, but with no differences in total germination. The stem length average of handpeeled seed was nominally greater for all seeds collected by 15 March 2012.
Agitation of soaking seawater at various salinity levels was observed to delay germination in Avicennia germinans (McMillan 1971) . The delay of germination displayed in peeled seeds might indicate that there were other stimulus besides immobilization as an initiator of germination in this species, such as seed moisture, pericarp abscission and seed abscission. The potential for delayed germination of cryptoviviparous seed is justification for further investigation. This Table 2 Mean (±SE) of seed length (mm) and weight (g) for floaters (0 ppt), sinkers (0 ppt) and peeled seeds for seeds collected in October, November and December condition was not consistent with research results of Hu et al. (2009) who reported that removal of pericarp improved the germination percentage up to 90% from 44% in seeds of Hedysarum scoparium and 60 -100% in seeds of Oryza sativa (Miyoshi & Sato 1997) . Pericarp removal did not provide significant effects on seedling performance in terms of dry masses of epicotyls and roots of seedlings. This result was slightly different from the study results of Liu et al. (2012) . This might be caused by mechanical constraints rather than chemical inhibitors. It is generally accepted that epicotyl dormancy of acorns in the field is mainly caused by inhibitors in cotyledons, embryos or pericarps (Liu et al. 2012) . This was consistent with most research (Robertson et al. 2006 , Finney 2011 ) who reported pericarp-imposed dormancy on seeds. Our study suggested that pericarp was responsible for seed dormancy because seeds with intact pericarp were very dormant; therefore, removal of the pericarp significantly increased germination percentage and resulted in complete germination of viable seeds. The means of seedlings stem lengths for seeds collected in October and November were not significantly different in 48 DSC among treatments. However, seeds collected in December had significantly shorter seedlings stem length in 48 DSC (Fig. 8) .
Range of seawater salinity in the mangrove habitats of Surabaya coast is 17 -30 ppt all year round. Seawater salinity can widely vary due to pollution, hurricane and flood which introduce large volumes of seawater or freshwater to the coastal estuaries. The studies of Rabinowitz (1978 a, b, c) and McKee (1995) indicated that the salinity level of the soaking seawater used to immerse seeds might affect viability duration during dispersal. However, results of this study indicated that there were no correlations between buoyancy or salinity level of soaking seawater used to immerse seeds and seed viability or vigor. This study, however, suggested that seeds collection date might influence seed viability and vigor, such as shown in the germination of Avicennia germinans (Finney 2011) .
Seeds collection date is commonly used in horticulture and agriculture to predict seed viability and crop yield as well as to observe the relationship between seed maturity and viability (Basra 1995) . However, correlations between early and late seed collections are not consistent among species. Seeds collected in later dates and their maturity had been shown to positively influence seed quality and vigor in soybeans Glycine max (TeKrony et al. 1984) as well as other cultivated crops and trees (Basra 1995) . Maximum seed viability and vigor occurred earlier in seed maturation for tomatoes Solanum lycopersicum (Demir & Ellis 1992) . Relationships between propagule and seed maturity as well as viability among viviparous mangrove genera are poorly defined (Farnsworth 2000) .
This research indicated that salt is not needed in the soaking process to remove pericarp. Seeds collected in earlier date experienced quicker germination and subsequently produced larger plants at the earliest time of field planting. However, longer maintenance was required to grow the seedlings. Seed collected in later date produced smaller plants, but required less greenhouse time with no difference in germination viability. Germination can be delayed for a short time by hand-peeling the pericarps from dry seeds with equal or greater germination and growth rates, however, it requires more labor (Finney 2011) .
CONCLUSIONS
Removal of seed pericarp improved germination. There were no correlations between buoyancy or salinity level of soaking seawater used to immerse seeds and seed viability or vigor. Seeds collection date might influence seed viability and vigor. Seeds collected in October and November germinated more quickly than those collected in December, although there was no significant difference in total germination. Seeds collected in October and November had similar growth and both grew more vigorously than those collected in December. Simple alterations in seed treatment can enhance seed germination.
